The thermodynamic excess functions of a composition of chloroform and ketones were studied in this work. The ketones used as acetophenone, cyclophexanone and ethyl methyl ketone. Ultrasonic velocity for the liquid mixtures are measured over a wide range of concentrations, using a single crystal ultrasonic interferometer at a frequency of 2 MHz. For binary mixtures of chloroform with acetophenone and cyclohexanone, surface tension increases with increase in concentration of the ketone. But for the binary mixtures of chloroform and ethyl methyl ketone surface tension decreases with increase in concentration of the ketone.
INTRODUCTION
The study of different states of matter, especially the liquid and gaseous states, statistical methods are being extensively used. A self consistent theory for liquids is not available even now. The main reason for this is the very complex nature of interactions in the liquid state. The statistical approach is to calculate the partition function and then establish the equation of state through thermodynamic variables. Ultrasonic investigation of liquid mixtures containing of polar and non-polar compounds is of considerable importance in understanding intermolecular interaction between the component molecules and they find applications in several industrial and technological processes. 1, 2 Further such studies as a function of concentration are useful in gaining insight into the structure and bonding of associated molecular complex and other molecular processes. The ultrasonic velocity measurements finds wide applications in characterizing the physico-chemical behaviour of liquid mixtures 3 and in the study of molecular interactions. Ultrasonic velocity of a liquid is related to the binary forms between the atoms or the molecules. Ultrasonic velocity have been adequately explained in understanding the nature of molecular interaction in pure liquids 4 binary and ternary mixtures. 5 The method of studying the molecular interaction from the knowledge of thermodynamic parameters and their excess values with composition gives an insight into the molecular process. 6, 7 The investigations regarding the molecular interaction in organic ternary liquid mixtures having aromatic hydrocarbon group as one of the compounds is of particular interest, since aromatic hydrocarbon group is highly polar and can associate with any other group having some degree of polar atoms. Ionic species play significant role in governing the physical, chemical and biological behavior of biological macromolecules like proteins, nucleic acids etc. Knowledge of thermodynamic mixing properties of binary mixtures has great relevance in theoretical and applied area of research. These data are needed for design processes in chemical, petrochemical and pharmaceutical industries. To explain many of the physico-chemical behaviour of a mixture of liquids, statistical thermodynamics has been widely used. 8, 9 Theories like corresponding theory, Flory's theory, free length theory and collision factor theory have made significant contributions in the understanding of interactions in the liquid state. 10, 11 All these theories have been largely employed to explore the behavior of liquid mixtures. Since acoustic velocity is a thermodynamic function, many thermodynamic properties, especially the excess functions, can be deduced from a knowledge of this parameter. It is in this context that, the ultrasonic velocity measurement has become a key tool in the investigation of the behavior of liquid mixtures. From the measure value of sound velocity, isentropic compressibility can be found. Isentropic compressibility along with the thermal coefficient of expansion and the heat capacity at constant pressure, can be used to compute isothermal compressibility. [12] [13] [14] [15] [16] [17] [18] [19] [20] The later may be employed to test the reliability of theories of liquids and liquid mixtures. Mahajan et al. 21 reported the volumetric, viscometric and ultrasonic studies of some amino acids. Thermo acoustic studies of some electrolytic solvent mixtures are also reported. 22 In the present study we are reporting the ultrasonic studies on binary and ternary mixtures of some organic liquids.
EXPERIMENTAL
An ultrasonic interferometer is used for the measurement of velocity. The measuring cell is filled with the experimental liquid and the high frequency generator is switched on. The ultrasonic waves moving away from the crystal are reflected back from the movable plate and stationary waves are formed in the liquid. The micrometer is turned slowly so that anode current on the micro ammeter falls to a minimum. The distance moved by the micrometer for the next minimum gives half the wavelength of ultrasonic waves. The total distance moved for n consecutive minima d is noted and velocity is calculated as v= λf, where λ is found from the relation d = nλ/2. Making use of Newton-Laplace equation
, the adiabatic compressibility can be calculated.
RESULTS AND DISCUSSION
The thermodynamic excess functions of a composition of chloroform and ketones were studied in this work. The ketones used as acetophenone, cyclophexanone and ethyl methyl ketone. Ultrasonic velocity for the liquid mixtures are measured over a wide range of concentrations, using a single crystal ultrasonic interferometer at a frequency of 2 MHz. The binary and ternary mixtures studied are the following: (a) chloroform + acetophenone (b) chloroform + cyclohexanone (c) chloroform + ethyl methyl ketone (d) chloroform + ethyl methyl ketone + acetophenone and (e) chloroform + ethyl methyl ketone + cyclohexanone. Using Newton-Laplace equation, the adiabatic compressibility is calculated in each case. Values of thermal expansion coefficient and molar heat capacity at constant pressure are taken from the literature. 23 For a mixture, the molar heat capacity at constant pressure and thermal expansion coefficient are assumed to be additive in terms of volume fractions and mole fractions. The various thermodynamic excess functions are given in tables 1 to 6.
For the binary mixtures of chloroform + acetophenone and chloroform + cyclohexanone excess isentropic compressibility is negative for most of the concentrations. This means that the mixing is accompanied by a decrease in the intermolecular free space between the molecules. This can be explained in terms of the possibility of hydrogen bonding between the -CO-group and the hydrogen of the chloroform. For chloroform + methyl ethyl ketone, K s is found to be positive for the whole range of composition. The positive deviation indicates that mixing is accompanied by an increase in the intermolecular free space. This may be due to a possible structure breaking effect. For all systems studied, the maxima in E V occur at X CHCl > 0.5. The reason for this can be the following (i) in addition to AB hydrogen bonded complexes (A = chloroform, B = ketone) A 2 B complexes are also formed. This is theoretically feasible because of the presence of two lone pairs of electrons in the oxygen of the -CO-group. The existence of such complex formation can also be verified by measuring excess Chloroform + ethyl methyl ketone + acetophenone 
